SUMMARY The susceptibility of immature and adult animals to various environmental factors often differs because the response of the young organism can only involve those regulatory mechanisms that are available at the particular stage of development. Increased sensitivity to certain (e.g., hypertensive) stimuli may be limited to a relatively short age period that is usually characterized by the maturation of some, important physiological functions. High salt intake seems to influence the animals especially during the weaning period and prepuberty, in the course of which profound developmental changes of circulation, electrolyte metabolism, and neurohumoral regulation have been demonstrated. Indeed, salt-dependent forms of experimental hypertension are more severe when they are induced in immature animals. Moreover, substantial differences in hemodynamics, distribution of body fluids, and involvement of pressor and natriuretic agents indicate that the mechanisms of salt hypertension need not be the same in immature and adult animals. from the interaction of multiple genetic and environmental factors causing the adaptation various systems that adjust blood pressure (BP) to actual living conditions. Numerous observations indicate that the age of experimental animals is one of the important factors in the pathogenesis of experimental hypertension.
F OLKOW proposed that hypertension results
from the interaction of multiple genetic and environmental factors causing the adaptation various systems that adjust blood pressure (BP) to actual living conditions. Numerous observations indicate that the age of experimental animals is one of the important factors in the pathogenesis of experimental hypertension.
In this review, special attention is paid to the effects of a sodium chloride overload in young rats with an immature atrial natriuretic system. We propose that a high salt intake might activate different natriuretic systems in young and adult rats according to their maturity at particular ontogenetic stages. Long-term activation of endogenous Na + -K + pump inhibitors would explain the important role of these humoral agents in saltinduced hypertension in young rats.
Developmental Factors in Hypertension Research
Many species of laboratory animals have been used in hypertension research. The majority of genetic and induced forms of experimental hypertension have been studied in rats. The main advantage of this species seems to be the availability of strains with different genetic predispositions to the occurrence or induction of experimental hypertension. 23 Rats are used for strain selections and back-cross experiments, as well as for the development of congenic and recombinant inbred strains, because BP changes appear early and several generations can be obtained each year. Such an approach helps to reveal the contribution of genetic factors to the pathogenesis of hypertension. 4 The developmental approach to the study of genetic hypertension results from the early appearance of BP elevation in predisposed rats. 5 The expression of altered genetic information occurs at some early developmental stage of the cardiovascular system and/or its regulation. Gray 5 therefore suggested looking for primary abnormalities in very young or even prenatal spontaneously hypertensive rats (SHR).
There is a distinct contrast between the increasing number of developmental studies of SHR and the low Laboratory rats require only 0.05% sodium chloride in the diet for normal growth, development, and reproduction. 44 The early increase of salt intake above this level seems to modify further development of the organism, because long-term alterations of electrolyte and water metabolism have been observed in animals that were subjected to salt loading in youth. These changes include increased urinary concentration and better tolerance of hypertonic saline, 45 The level of salt intake in young rats seems to be a decisive factor for the susceptibility of adult animals to salt hypertension. 41 The BP response to renal mass reduction is increased in adult rats drinking saline from prepuberty.
3*-x On the other hand, Iwai et al. 53 found that severe salt deprivation in young Dahl salt-sensitive rats (DS) did not abolish the sensitivity of adult animals to the hypertensive effects of a high salt diet. In this experiment, however, salt deprivation was started 3 weeks after weaning, so that rats were not protected during the most sensitive period. Unfortunately, Tobian et al., 54 who treated DS with thiazides in prepuberty, did not examine the later BP response to a high salt intake in the absence of diuretics.
Dene and Rapp 55 have reported that a high salt intake in pregnant DS or in suckling and weanling animals does not influence the development of salt hypertension in prepubertal DS. This finding seems to be in good agreement with Jelfnek's suggestion that "prepuberty might be a critical period for the induction of experimental hypertension in the rat."
31 Of course, this is particularly true for severe, self-sustaining forms of hypertension, because mild to moderate hypertension can be induced even in adult animals (see Figure 1) .
Inadequate salt intake seems to be capable of inducing some long-term alterations in the developing organism. Such permanent modifications are usually consequences of the interaction with active developmental processes. Therefore, sensitivity to environmental factors is often changed during the transition to the next developmental period (i.e., when the relationship of the organism to its environment undergoes characteristic changes).
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Development of Circulatory Homeostasis in
Normotensive Rats The structural and functional maturation of the cardiovascular system is synchronized with pronounced age-dependent changes in body fluids, renal function, neurohumoral regulation, and so on. Some of these changes may be important for the different BP responses of young and adult rats to hypertensive stimuli.
The characteristic decrease of relative total body water content is greatest during the suckling period and terminates during sexual maturation. This decrease is due to the diminishing extracellular fluid volume and is accompanied by a moderate enlargement of the intracellular compartment (in relation to body weight). During the suckling period, the extracellular fluid volume decreases more rapidly than the plasma volume, but afterward they decline in parallel. These data indicate that maturation of the distribution of extracellular fluid between intravascular and interstitial compartments is long-term (Figure 2) . 56 "
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Blood pressure rises rapidly during the first postnatal month. 6162 There is a further slow BP increase during prepuberty and puberty that is associated with a pronounced decline of cardiac output compensated by a concomitant rise in systemic resistance.
63 " 65 Indeed, minimal vascular hindquarter resistance does not reach adult values before the age of 9 to 11 weeks. 66 There is also extensive maturation of the heart 67 " 69 and great arteries.
70 ' 7I Mature arterial properties are attained relatively late in ontogenesis. Collagen biosynthesis in the rat aorta decreases to adult values at the age of 7 to 9 weeks, 72 while the mechanical properties become stabilized in animals aged 10 to 12 weeks. 73 ' 74 Maturation of the baroreceptor reflex also occurs until the age of 12 to 15 weeks.
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Hemodynamic readjustments during ontogenesis are related to the changing pattern of the activity of various vasoactive systems. Although the development of the sympathetic nervous system is most pronounced in suckling and weanling rats, 77 " 79 further maturation of sympathetic nervous activity 80 and the sympathetic neuroeffector system 81 can be observed in prepuberty and puberty. The activity of the reninangiotensin system is high at birth and declines in suckling rats.
3
There are also age-dependent changes in prostaglandin metabolism. Levels of prostaglandins E 2 and F^ in renal venous blood and urine are higher in prepubertal than in adult rats, 84 ' M but vascular prostaglandin synthesis is lower in prepubertal than in adult animals. 8687 The osmoregulatory response to dehydration or saline loading 10 ' M ' " develops in parallel with the maturation of the vasopressinergic hypothalamo-neurohypophyseal system in suckling and weanling rats. 90 -91 The development of vasopressin-sensitive adenylate cyclase in the rat kidney extends to prepuberty. 92 The response to the acute expansion of extracellular fluid volume 93 '** or blood volume 93 becomes mature in prepubertal rats between 30 and 45 days of age. Despite the immaturity of the weanling kidney, 96 " 99 the deficient diuretic and natriuretic response should be ascribed to the absence of a circulating natriuretic agent in weanling rats. 100101 An atrial natriuretic factor is found in the atria of weanling rats either in lower amounts 102 or in a less active form. l03 The immature rat kidney, however, responds to atrial natriuretic factor in extracts from adult rat atria by adequate diuresis and natriuresis.
l02 " 104 A less efficient natriuretic response of weanling rats might also be related to their pronounced sodium and water conservation, which ensures water and electrolyte balance at this stage of development. At the age of about 40 days, prepubertal rats begin to retain potassium instead of sodium and they increase their water and sodium excretion to the adult level. These sudden changes coincide with the maturation of the tissue ionic content. 106 The present knowledge of the maturation of circulatory homeostasis lacks data concerning the development of ion transport in vascular smooth muscle or other cells. The importance of such developmental studies is emphasized by the fact that severe alterations of cellular ion transport, 107 ' m cell membrane calcium binding, 109 ' "° and the structure and composition of the cellular membrane"
1 "" 4 have been reported in the erythrocytes of young prehypertensive SHR. There is also incomplete evidence regarding the role of particular regulatory mechanisms during ontogenesis and also about the participation of principal pressor and depressor systems in hemodynamic regulation. In this regard, developmental studies in normotensive animals clearly provide useful information for the research of experimental hypertension.
Mechanisms of Salt-Dependent Hypertension in
Young and Adult Rats The animals with hypertension induced by high salt intake in youth and in adulthood differ in many respects. The expansion of plasma and blood volume as well as of total body water is greater in prepubertal rats treated with deoxycorticosterone acetate (DOCA) and salt than in those treated in adulthood." 5 The plasma volume is also increased in young salt hypertensive rats with reduced renal mass but not in adult animals, although extracellular fluid volume is expanded in both age groups. 38 This age-dependent distribution of extracellular fluid is also observed in rats with DOCAsalt hypertension." 6 More pronounced expansion in young DOCA-salt hypertensive rats" 3 or rats with reduced renal mass 38 can be related to the greater degree of renal damage" 7 caused by an early BP elevation in the immature kidney." 8 The activity of the renin-angiotensin system is more suppressed in the kidneys of young rats than in adult rats with DOCA-salt or adrenal-regeneration hypertension." 9 ' 12° The inactivation of the renal reninangiotensin system is accompanied by a decreased resistance in afferent arterioles. 121 Increased glomerular capillary pressure in DOCA-salt hypertensive rats results in glomerular damage. 122 This alteration seems to be more severe in immature than in adult kidneys.
43
Increased salt intake also exerts age-dependent hemodynamic effects. The more pronounced hypertensive response of young rats to salt or DOCA-salt treatment is due to a greater rise in systemic resistance as compared with adult animals. 123 ' l24 The systolic pressure of young hypertensive rats is further increased by changes in arterial compliance that augment pulse pressure. Increased arterial rigidity is found only in those rats that were subjected to high salt intake or DOCA-salt treatment from prepuberty. No significant changes were observed if these stimuli were applied in adult animals.
m-l24 This finding could explain the conflicting data on arterial compliance reported by Cox 123 ' 126 in younger and older rats with DOCA-salt hypertension.
Currently, there is little information regarding the participation of individual pressor systems in the maintenance of elevated BP in young and adult rats with salt-dependent hypertension. Acute converting enzyme blockade with captopril causes a mild BP decrease in adult DOCA-salt hypertensive rats but no BP changes in young hypertensive animals. 124 This finding is in concert with the finding that renin-angiotensin system activity is more diminished in young than in adult rats with experimental salt hypertension." 9 -
12°T
he pressor effects of vasopressin are also more important for the maintenance of BP in adult than in young DOCA-salt hypertensive rats. 124 Moreover, vasopressin is essential for the induction of DOCA-salt hypertension in adult but not in young rats. 127 On the other hand, a,-adrenergic blockade by prazosin sug-Therefore, it appears feasible to propose that young salt-loaded rats with an immature vasodilating atrial natriuretic system must activate natriuretic systems different from those in adult animals. Moreover, a high salt intake appears to be a greater stimulus for young than for adult rats because of their immature natriuretic capability (see Figure 3) . Long-term activation of the vasoconstrictor natriuretic system (Na + -K + pump inhibitors) triggered by a high salt intake in early life would explain 1) the occurrence of severe salt hypertension in young rats 29 "
38 and 2) the permissive effects of early salt intake on the induction of salt hypertension in adult rats.
41 ' * The maturation of the acute natriuretic response to blood volume expansion is associated with a diminishing magnitude of the hypertensive response to the salt overload (Figure 3) . Thus, the progressive rise in the efficiency of the atrial natriuretic system during ontogenesis might be reflected in the diminishing participation of Na + -K + pump inhibitors in response to various hypertensive stimuli, including chronic salt overload or chronic volume expansion.
Conclusions
The development of both genetic and induced forms of experimental hypertension should be studied with respect to the maturation of the organism. There is considerable evidence for important ontogenetic changes of structure and function of the cardiovascular and renal systems, including their neurohumoral regulations. This maturation process could be severely impaired if inadequate stimuli influenced the susceptible organism at sensitive periods of development. Thus, the effects of hypertensive stimuli differ depending on whether they are imposed on immature or adult organisms. Therefore, different regulatory mechanisms are found in animals influenced by selected hypertensive stimuli during early or late phases of ontogenesis. Prepuberty and the weaning period are probably very important for inducing severe forms of experimental salt hypertension, while earlier ontogenetic stages might be essential for the further development of genetic hypertension. The prevention of the development of both genetic and induced forms of experimental hypertension would require the elimination of the influence of endogenous or exogenous hypertensive factors particularly during these developmental periods. 
